Vertebrate cranial sensory organs and their ganglia originate from thickened ectoderm called cranial placodes. Despite the cellular and functional diversity of cranial sense organs, their precursors derive from the ectoderm adjacent to the anterior neural plate region called preplacodal region (PPR). The PPR is characterized by the expression of a unique set of transcription factors referred as PPR genes, which include Foxi, ERNI, Datch, GATA, Dlx, Six, and Eya. The expression analysis of these genes does not correlate precisely with phenotypes in the PPR. Knockouts of all PPR genes do not show complete loss of any cranial placodes. However, Foxi3 and Dlx5 genes are expressed early in the PPR in complementary fashion, with Dlx5 localized anteriorly and Foxi3 localized posteriorly. In addition, mutants of Dlx gene family members show defective anterior cranial members do not show defects in the induction of cranial placodes. All these genes are considered as PPR genes because of their expression in the PPR, but not all of them contribute to PPR induction. Placodes, and Foxi3 knockout mice show defects in posterior placodes. On the other hand, Six and Eya gene family members, mentioned as definitive PPR genes in previous studies, are expressed after Foxi3 and Dlx5. Moreover, mutants of Six and Eya gene family Vertebrate cranial sense organs largely arise from ectodermal thickening, the placodes. Albeit diverse in function, precursors of cranial sensory placodes are intermingled initially and derive from a common region called preplacodal region (PPR) (Baker and Bronner-Fraser, 2001; Couly and Le Douarin, 1985; Couly and Le Douarin, 1988; D'Amico-Martel and Noden, 1983; Litsiou et al., 2005; Streit, 2004) . Several transcription factors have been identified as fate determining genes for the PPR and/ or cranial placodes, but the gene regulatory network that establishes PPR is not well understood. Based on knockout studies of different PPR genes, I have selected to discuss Foxi, Dlx, Six, and Eya gene families in this review. I will refer to Foxi and Dlx as competence transcription factors (CTFs) and the Six and Eya as definitive placodal genes (DPGs). The purpose of this review is to understand the relationship of CTFs and DPGs during the induction of PPR and cranial placodes.
Vertebrate cranial paired sensory organs and their ganglia (the lens of eye, nasal epithelium, and lateral line) originate from specialized tissue called placode. Cranial placodes are evolutionary conserved vertebrate novelties. Each placode has an individual identity with the capability of generating different cell types (Litsiou et al., 2005) . Nonetheless, their precursors are initially mixed and are derived from a common region called PPR (Baker and Bronner-Fraser, 2001;  Couly and Le Douarin, 1985; Couly and Le Douarin, 1988; D'Amico-Martel and Noden, 1983; Litsiou et al., 2005; Streit, 2004) . In some species, the PPR is identified as continuous primitive placodal thickening (Knouff, 1935; Streit, 2004) , whereas in others it can be identified only by the expression of molecular markers (Bhattacharyya et al., 2004; Streit, 2002; Streit, 2004 and Streit, 2008) .There is a common consensus about the genes that are expressed within the PPR. Some of these molecular markers, described as PPR marker genes in previous studies, are members Schlosser, 2006) . These molecular markers are entitled as PPR genes because of their expression in the PPR (Baker and Bronner-Fraser, 2001 ; Streit, 2004) .
Detailed expression analysis of PPR genes revealed that, though these genes are expressed within the PPR, none of them can precisely define this region because their expression extends to either neural, neural crest, and/or epidermal regions. For example, Erni is initially expressed broadly in neural domains and later confined to the PPR (Litsiou et al., 2005) . Similarly, Foxi3 expression is seen in the neural domain at the tip of the primitive streak both in mice and chicks (Ohyama and Groves, 2004; Khatri and Groves, 2013) . Eya 1/2 and Six1/4 expression is observed in the PPR as well as in the anterior neural plate (Litsiou et al., 2005 The earliest expression of Dlx5 in the non-neural domain in chicks has been shown to be important for ectodermal patterning (Pera et al., 1999) . Recently, Dlx5 has been identified in chicks as a mediator of cell fate decision at the border of the neural plate that promotes the expression of neural crest markers, MSX1 and BMP4, and the PPR marker, Six4. Dlx knockout mice show defective cranial sensory organ formation without affecting the induction of cranial placodes, whereas ectopic placodes could not be generated when Dlx was over-expressed in chicks. These data further support the role of Dlx5 as a mediator of neural plate border rather than in the specification of the PPR.
Foxi gene family
Soon after the expression of Dlx5, another important transcription factor, Foxi3, is expressed in the non-neural domain; its expression domain extends inward the neural domain at the tip of the primitive streak in chicks and mice. Foxi1 in fish and amphibians is the closest functional homolog of mouse and chick Foxi3 based on sequence homology (Solomon et al., 2003) . Foxi1 in fish and Foxi3 in mouse and chick are expressed in the PPR and later in pharyngeal arches. The over-expression of Foxi1 extends the expression domain of Six4.1, Eya1, and Dlx3b in zebrafish. Nonetheless, Foxi1-Morpholino (MO) alone was not sufficient to inhibit the expression of Six4.1, Eya1, and Dlx3b (Solomon et al., 2003) . Similar induction of Dlx5, Six1, and Eya2 was observed in chicks when Foxi3 was over-expressed ectopically (Khatri et al., submitted). These results suggest a positive regulatory network among different PPR genes.
Mutation in zebrafish foxi1 results in interrupted otic placode induction, defects in branchial arches, and in jaw formation (Solomon et al., 2003) . Similarly, defective ear and jaw are seen in foo/foo mutants (Nissen et al., 2003) . Foxi3-MO in chicks resulted in the down-regulation of otic specific marker like Foxg1 and Pax2. However, Foxi3 alone or in combination with other PPR marker genes was not able to induce otic marker Pax2 when cultured in the presence of the fibroblast growth factor (FGF) (Khatri et al., submitted). These results suggest that Foxi3 is necessary but not sufficient for otic placode induction.
Eya and Six gene family members
Eya and Six genes are currently the most popular candidates for the specification of PPR and the induction of generic placodes in vertebrates because they are expressed in the PPR and in some cranial placodes (Schlosser, 2006 abnormalities and a conductive hearing loss similar to BOR syndrome, whereas Eya1 homozygotes lack ears and kidneys. Also, the development of the inner ear is arrested at the otic vesicle stage and specific cranial ganglia formation is affected as well (Xu et al., 1999) . EYA2 is also expressed in the eye, ear, and craniofacial mesenchyme very early during development (ninth week after conception) in humans (Abdelhak et al., 1997) , but no mutation in EYA2 has been identified affecting humans (Vieira et al., 2002) . The expression of Eya3 revealed by in-situ hybridization and β-Galstaining is observed in the primordium of multiple organs like brain, eyes, heart, somites, and limbs during mouse and zebrafish development (Söker et al., 2008) ; however, Eya3 homozygous mouse mutants are alive with no obvious defects in the eyes, ears, and kidneys (Söker et al., 2008 It has been shown recently that all PPR genes regulate each other's expression, probably for a compensatory mechanism. However, there is evidence suggesting the importance of CTFs in the induction of specific cranial placodes. For example, Foxi3 in mouse and chick (Khatri et al., submitted) and Foxi1 in zebrafish have been reported to be necessary for the induction of otic placode. Zebrafish embryos treated with Foxi1-MO showed severe defects in the induction of otic placode as well as otic specific marker gene, pax2 (Nissen et al., 2003) . Similarly, downregulation of otic specific genes (Pax2 and Foxg1) was observed in chicks when Foxi3 specific morpholinos were expressed at earlier stages. In chick, otic induction was ceased when Foxi3 morpholinos were electroporated, without affecting the expression of other PPR marker genes (Khatri et al., submitted).
Grafting and tissue culture experiments in chick showed the importance of PPR in the induction of generic cranial placodes. In these experiments, only PPR ectoderm, but not outside ectoderm was able to induce otic placode marker genes when cultured in the presence of growth factors like FGF (Martin and Groves, 2006; Schlosser, 2006) . Similarly, another set of experiments showed the ability of naïve ectoderm to induce otic marker genes in the presence of FGF only when it was first grafted within PPR, promoting the expression of DPGs (Martin and Groves, 2006). As mentioned previously, the PPR expresses otic marker genes when exposed to FGF; therefore, it is possible that the naïve ectoderm in this experiment is specified as PPR. Indeed, naive ectoderm grafted in PPR was able to induce otic marker when cultured in the presence of FGF. Based on these experiments, we cannot conclude that DPGs are necessary for the induction of otic placodal genes. The same group showed competence of naïve ectoderm to express otic placode marker genes when grafted adjacent to the posterior hindbrain region without expressing first PPR genes (CTFs and DPGs) (Groves and BronnerFraser, 2000). Comparable experiments in chick showed that PPR ectoderm originates lens placode unless exposed to additional signals (Bailey et al., 2006 (Bailey et al., 2006) . Nevertheless, posterior PPR ectoderm failed to induce lens but was able to induce otic placodal marker genes when cultured in the presence of FGF (Martin et al., 2006) . These results indicate that PPR ectoderm is gradually committed to become individual placode. By HH7-8 stage, Dlx5 and Foxi3 expression is further segregated; by HH9-10 stages, Dlx5 expression is restricted to olfactory and Foxi3 to otic placodes, whereas Six/Eya are expressed through the entire PPR. By this time, genes specific to individuals placodes start their expression and are specified (Martin et al., 2006, Groves and Bronner-Fraser, 2000) . A summary of gradual specification of cranial placodes is shown in Figure 2 . 
Conclusion
The induction of cranial placodes is a complex process and the progenitors initially are intermingled within the PPR. Several genes have been identified as PPR genes based on the expression pattern. Nevertheless, it is still unclear how various signaling cascades and competence factors cooperate to activate the transcription of placodal genes. Although CTFs have been shown to be sufficient to induce DPGs, the requirement of CTFs for DPGs has not been clearly demonstrated. Moreover, Six and Eya genes, referred as DPGs in different vertebrate species, not always show similar placodal deficiencies after their loss. Conversely, defective developmental processes shown by respective knockout studies suggest their role in placode specific differentiation and morphogenesis rather than in placodal induction.
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